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Abstract 
A large number of purees of fruits and vegetables are produced commercially; some are usually consumed directly, 
while others are used as intermediate products and ingredients. The fruit purees studied were realized with peach, 
apple and pear. Immediately after the production (t0) and after the storage period (tn) the pH, soluble solids content, 
titratable acidity, ascorbic acid content and Bostwick consistency of samples were evaluated. Furthermore after the 
storage period (tn) the moisture content, the water activity and the colour parameters were also determined. 
Rheological properties were evaluated by using a controlled stress–strain rheometer and a cone and plate geometry 
sensor. The viscosity (Ș) against shear rate (J  ) were evaluated to study the rheological behaviour of all fruit purees. 
In this study the flow curves were also evaluated and fitted according to the rheological model of Casson. The 
experimental measurements showed that the viscosity variation against the shear rate of fruit purees is exponential 
and therefore they are non-Newtonian fluids. The Casson model was found to fit adequately (R2 ≥0.84) over the 
entire shear-rate range. Moreover significant and interesting correlations between Bostwick consistency and some 
rheological parameters were found. Unfortunately a scanty production’s standardization over the years was observed. 
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1.Introduction 
Fruit purees are elaborated with varied fruits (peach, apple, pear and banana, or others like apricot, 
orange or pineapple), and enriched or not with vitamins. Water or juices are added to fruits [1]. There are 
several steps in the preparation of fruit and vegetable purees: peeling of the skin of the fruit, size 
reduction, heating to either soften the tissue and/or inactivate enzymes, straining of the heated mass 
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through finishers (finishing), and the addition of starch or sugar to obtain the desired consistency. The 
finishing operation (screen size and finisher speed) can be expected to have significant influence on the 
consistency of the sauce due to its effect on the quantity and the dimensions of the pulp [2]. 
Flow properties of fruit purees are of considerable interest in the development of fruit products for 
technological and marketing reasons. Together with others, they provide the information necessary for the 
optimum design of unit processes; contribute to the quality control in both manufacturing processes and 
final product; limit the acceptability and the field of application of a new product; and finally, they are a 
powerful tool into understanding molecular structure changes [3]. Moreover considering the consumer 
demand for processed foods with high quality, there is a need to define changes in rheological properties 
of foods in processing operations and during the storage that may affect their overall acceptability [4]. 
Rheology offers vocabulary and specific terminology to discuss foods and their textural characteristics 
as well as mathematical references to describe these textural characteristics. Fluids could be characterized 
by their viscosity and/or by their consistency. Consistency can be defined as a quality of food that is 
perceptible to touch or as the resistance to permanent deformation. The term ‘body’ is also used in 
reference to consistency. A broader definition of consistency could be the characteristic of a mixture of 
fluid and solid foods. Szczesniak referred to consistency as the mouthfeel characteristics of semi-solids or 
liquids. Therefore, sensory concepts such as mouthfeel and body could be associated with consistency as 
well as more rheological definitions referring to the texture characteristics of the products [5]. 
Knowledge of the rheological properties of food products is essential for product development, design 
and evaluation of process equipment such as pumps, piping, heat exchangers, evaporators, sterilizers and 
mixers. Rheological measurements have also been considered as an analytical tool to provide 
fundamental insight of the structural organization of food. Various factors affecting the rheological 
behaviour of fruit puree and concentrates include temperature, total soluble solids/concentration, particle 
size [6]. 
This study had three main objectives: a) to evaluate the storage stability of fruit purees regarding the 
physico-chemical characteristics; b) to determine, over the years, the production’s standardization as 
regards physical and chemical properties; c) to evaluate the rheological behaviour of the purees and to 
determine a possible correlation between the Bostwick consistency and the rheological parameters (such 
as viscosity and yield stress values) obtained applying the Casson model to the flow curves obtained by 
using a rheometer. 
 
2.Material & Methods 
The fruit purees studied were realized with peach, apple and pear. The peach and apple purees were 
produced in 2008 and 2009 and the pear purees in 2007, 2008 and 2009. The samples were supplied by a 
local factory, Italfrutta S.r.l (Rovigo, Italy). The fruit purees were stored in aseptic bag at room 
temperature. 
Immediately after the production (t0) and after the storage period (tn) the pH (ph meter, mod. 
Cyberscan 510), soluble solids content (SSC) (refractometer, PR-1 Atago, Japan), titratable acidity 
(expressed in citric acid equivalent), ascorbic acid content (iodometric method) and Bostwick consistency 
(Bostwick consistometer) were evaluated. Furthermore after the storage period (tn) the moisture content 
(at 70°C until constant weight), the water activity (water activity meter, Decagon Devices Inc., Pullman, 
Usa), the colour parameters (colour-spectrophotometer mod. Colorflex, Hunterlab, Usa), and the 
rheological characteristics by using a controlled stress–strain rheometer (MCR 300, Physica/Anton Paar) 
and a cone and plate geometry sensor (50mm diameters, 2° angle with a gap distance of 1mm) were also 
determined. The flow ramp was performed at 25°C in a range of shear rate from approximately 0 to 300 s-
1. The viscosity (Ș) against shear rate (J ) was evaluated to study the rheological behaviour of all fruit 
purees. 
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Most fluid foods do not have the simple Newtonian rheological behaviour; in other words, their 
viscosities are independent of shear rate or shear stress and not constant with temperature. Therefore, it is 
necessary to develop more complex models to describe their behaviour. In this study the flow curves were 
evaluated and fitted according to the rheological model of Casson.  
The Casson model is represented in equation 1 as: 
 
 (1) 
 
 
 where Ĳ is the shear stress (Pa), Ĳ0c is the Casson yield point (Pa0.5) and represents the limiting 
value of the stress below which the material cannot be sheared, J is the shear rate (1/s), Șc is the Casson 
plastic viscosity and represents the limiting viscosity of the material at infinite rate of shear. In order to 
measure the goodness of fit, the coefficient (R2) was determined.  
The model has been applied to a range of products other than chocolate, e.g. fruit purees, gums and 
tomato products [7].  
Moreover the correlations between Bostwick consistency and rheological parameters of Casson model 
were evaluated. 
 
3.Results & Discussion 
3.1 Physico-chemical measurements after storage time (tn) 
The physico-chemical characteristics of fruit purees are shown in table 1. 
The peach purees showed the highest value of moisture content, probably due to the concentration 
phase performed during their production. 
Regarding the water activity significant differences were not found. The peach purees had a slightly 
lower value compared to the other purees due to the highest amount of sugar as showed by the highest 
°Brix value. 
Peach purees showed the highest value of acidity probably due to the highest amount of total organic 
acid in the peach fruit (0.57 g/100g) compared to that one in apple (0.46 g/100g) and in pear fruit (0.31 
g/100g) [8].  
Consistency is objectively evaluated with an apparatus such as the Bostwick consistometer. Although 
the Bostwick measurement is not a fundamental measurement, it is used by the United States Department 
of Agriculture (USDA) to establish standards and grades of a number of processed foods such as tomato 
ketchup, tomato sauce and fruit concentrates (USDA, 1992) [5].  
The consistency evaluated using the Bostwick consistometer decrease when the soluble solids content 
increase, indicating a more consistent sample. In fact the peach purees with the highest °Brix value 
showed the lowest consistency value. 
The different purees showed different values of colorimetric parameters (L*, h° and C*) due to the 
different raw material used to realize the purees (Table 2). 
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Table 1. Fruit purees physico-chemical characteristics 
Storage 
time S S C 
Acidity 
ACA Bostwick 
Ascorbic 
acid 
Moisture 
content 
  [days] [°Bx] pH [g/kg] [cm s] [mg/g] [g/100 g] aw 
APPLE 2008 465 13.32±0.91 3.84±0.06 3.73±0.12 4.56±0.48 0.42±0.08 14.284±1.386 0.99±0.002 
APPLE 2009 112 12.61±1.57 3.89±0.11 2.92±0.08 5.86±0.74 0.51±0.09 13.481±1.75 0.99±0.004 
PEAR 2007 868 18.12±0.09 3.96±0.05 4.84±0.42 4.4±0.283 0.22±0.04 19.82±0.74 0.983±0.002
PEAR 2008 488 13.19±0.47 3.99±0.04 3.68±0.36 7.81±1.09 0.26±0.06 14.58±0.44 0.99±0.003 
PEAR 2009 114 14.54±0.62 3.93±0.01 3.61±0.38 10.56±0.10 0.27±0.05 15.53±0.74 0.98±0.002 
PEACH 2008 515 30.58±0.39 3.89±0.08 18.84±1.33 1.75±0.35 0.47±0.11 31.50±0.49 0.97±0.003 
PEACH 2009 171 30.34±0.19 3.86±0.07 17.149±1.63 2.33±0.25 0.30±0.11 31.21±0.32 0.97±0.002 
 
 
Table 2. Fruit purees colorimetric characteristics 
  L* h° C* 
      
APPLE 2008 55.7±1.66 76.55±1.73 33.32±2.24 
APPLE 2009 58.6±1.37 76.99±0.85 34.62±3.54 
    
PEAR 2007 44.28±1.14 69.23±1.42 28.28±0.68 
PEAR 2008 52.66±1.79 72.23±3.49 35.1±1.14 
PEAR 2009 51.85±1.14 73.78±0.66 30.79±0.78 
PEACH 2008 34.09±0.55 65.19±0.11 42.33±0.81 
PEACH 2009 34.76±2.92 66.31±0.09 39.23±4.65 
 
3.1.Rheological measurements after storage time (tn) 
The apparent viscosity (Ș) against shear rate (J  ) was represented to study the rheological behaviour 
of the fruit purees. The variation is exponential and therefore they are non-newtonian fluids. Since fruit 
puree is made up of serum (which is usually more Newtonian) and particles of various sizes and shapes 
dispersed within it, then the pulp with associated pectin may be the component contributing to non 
Newtonian behaviour [4]. Moreover it has been reported that fruit purees behave as non-Newtonian fluid 
as a result of complex interactions among soluble sugars, pectic substances and suspended solids [6].  
Apparent viscosity of all purees decreased as the shear rate increased. This behaviour could be 
explained by the structural breakdown of the molecules due to the hydrodynamic forces generated and the 
increased alignment of the constituent molecules [9].  
The Casson model described well the flow behaviour of systems fruit purees as compared with other 
models, for this reason the model was used to determine the rheological parameters. These parameters are 
reported in Table 3. 
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Table 3. Rheological parameters of Casson model 
 Casson yield stress Casson plastic viscosity R2 Yield stress 
Infinite shear 
viscosity 
 
 Ĳ0c [ Pa]n* Șc [ Pa s]n  [Pa] [Pa·s] 
APPLE 2008 4.22 d 0.32 bc 0.87 d 18.76 d 0.10 bc 
APPLE 2009 4.24 d 0.27 e 0.91 b 17.36 d 0.07 d 
      
PEACH2008 6.62 a 0.34 b 0.90 bc 49.93 a 0.12 b 
PEACH 2009 6.36 b 0.49 a 0.97 a 40.49 b 0.24 a 
      
PEAR 2007 4.70 c 0.30 cd 0.88 cd 22.13 c 0.09 c 
PEAR 2008 3.16 e 0.29 de 0.84 e 10.00 e 0.11 cd 
PEAR 2009 2.49 f 0.23 f 0.84 e 6.24 f 0.05 e 
*n = 2 Different letters indicate significant differences at p0.05. 
 
This rheological model adjusts the experimental values reasonably well for the different purees. As 
shown in table 3 the model gave a very good fit  showing in all cases a coefficient R2 higher than 0.84 in 
the shear rate range applied. The model gives a very good fit for the peach and apple purees realized in 
2009, while the fit was little good for the other purees. Besides the Casson model was applied because the 
yield stress is considered. Yield stress is an important quality control parameter in industrial applications, 
particularly for comparing the overall characteristics of products made on different production lines. A 
true value of the yield stress could be beneficial for the optimal design of food-processing systems such as 
those required during thermal processing [10]. As demonstrated by Steffe and Mizrahi the yield stress 
value is strongly dependent on the shear rate range, type of model, and shape and size of particles forming 
the purees [4]. The yield stress increased with soluble solids content. In fact the peach purees, having the 
highest value of solid content, showed the highest value of  yield stress.  
The correlation coefficient between Bostwick consistency and Casson yield point, Casson viscosity, 
yield stress  and infinite shear viscosity was found to be R2 = -0.94, R2 = -0.71, R2 = -0.90 and R2 = -0.64 
respectively. 
 
3.2 Effect of storage on physico-chemical characteristics of fruit purees 
The modification of physico-chemical parameters during storage was evaluated using the following 
equation (2) :  
 
       (2)
   
where p is the parameter evaluated. 
During the storage time a slightly  increase regarding the soluble solids content  was observed 
probably due to a dehydration  caused by water migration from the purees to the aseptic bag’s headspace. 
As shown in figure 1 there was an increase of pH value probably due to the degradation of sugar to 
acid caused by Maillard reaction. 
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Fig. 1. Modification of pH value during storage time. 
 
Almost in all the fruit purees analyzed there was an increase of fluidity and consequently, as shown in 
figure 2, there was an increase of Bostwick consistency value. 
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Fig. 2. Modification of Bostwick consistency value during storage time. 
 
Moreover there was a decrease of ascorbic acid content in a range from about 30 to 70%. 
 
Finally the values of physico-chemical parameters immediately after the production was evaluated in 
order to evaluate the production standardization over the years. Over the years a scanty production’s 
standardization was found probably due to the quality characteristics of the raw material used. However 
the differences regarding the fruits used cannot justify a not standardized final fruit purees. 
4.Conclusions 
From this study it can be determined that: 
a) The evolution of the different parameters was not always strictly related to the storage time; 
b) Over the years a scanty production’s standardization was found; 
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c) Regarding the rheological measurements was found that the viscosity variation against the shear rate is 
exponential and therefore they are non-Newtonian fluids. The Casson model was found to fit adequately 
over the entire shear-rate range showing a R2  0.84. Moreover significant and interesting correlations 
between Bostwick consistency and some rheological parameters were found. In particular a good 
correlations between Bostwick consistency and Casson yield point ( R2 = -0.94) and yield stress (R2 = -
0.90) were found. 
These results suggest the feasible employment of Bostwick consistometer in measuring rheological 
properties of fruit purees as a replacement for rheometer. 
Knowledge of the effects of different formulation on the Casson parameters may contribute to a better 
understanding of the nature of the interactions in the fruit product and facilitate the adequate design of 
pumping systems. 
The results of this work have direct application to fruit purees processes. 
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